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We discuss the usefulness of the double charge-exchange reactions (DCX) for 
the production of the neutron-rich A-hypernuclei. We believe the (■it~,K~^) 
reaction is one of the most promising DCX reactions, and propose to produce 
the neutron-rich A-hypernuclei, and ^He, at the J-PARC 50 GeV PS by the 
reaction (J-PARC ElO experiment). The design of the experiment is presented. 

Keywords: Neutron-Rich Lambda Hypernuclei; Double Charge- Exchange Re- 
action. 



1. Physics Motivation 

We are preparing the J-PARC ElO experiment for the study of the neutron- 
rich A-hypernuclei at the J-PARC 50 GeV PS facility. In this paper, we 
discuss the issues and the design of the experiment. 
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1.1. Spectroscopy of A-hypemuclei and new tools 

The A-hypcrmiclcus was identified experimentally for the first time in 1953 
in a nuclear emulsion exposed to cosmic rays.^ Since then, number of ex- 
periments have been carried out, innovative methods/techniques have been 
developed and many aspects of the A-hypermiclei have become clear. One 
of the important subjects of the studies of the A-hypernuclei in the past was 
the precise measurements of the level structures of the A-hypernuclei, that 
made it possible to discuss the underlying hyperon-nucleon strong interac- 
tion. The similarity of the A hyperon with nucleon is one of the key proper- 
ties which brings the rich spectra of the A-hypernuclei. Another important 
property is the additional binding due to the A hyperon, so we expect the 
hypernuclear chart is even richer than the ordinary nuclear chart? 

On the other hand, we have surveyed only a small fraction of hyper- 
nuclei in the hypernuclear chart. One of reasons of the limited survey was 
that we mainly used the {K~ ,'k~) and the (7r+,ii'+) reactions to produce 
the A-hypernuclei. Figure 1(b) shows hypernuclei so far identified; black 
colored ones were directly produced via the {K~ ,tt~) and the (tt"*", if"'") 
reactions on stable nuclear targets and gray colored ones were observed 
as hyperfragments in the nuclear emulsion experiments. The chart looks 
already compatible with that of the ordinary nuclei (Fig. 1(a)), but the 
information on the hyperfragments from the nuclear emulsion experiments 
were quite restricted. 

To survey wider area of the hypernuclear chart in further detail, we need 
new spectroscopic tools. If we employ the charge exchange reactions, we can 
directly produce many neutron-rich A-hypernuclei as shown in Fig. 1(c); hy- 
pernuclei in the white boxes are produced by the single charge-exchange 
reactions and those in the boxes with the graduation are produced by 
the double charge-exchange reactions (DCX), such as the {K~ ,1:^) and 
(7r~,Jr+) reactions. 

1.2. AiV interaction and neutron-rich A-hypemuclei 

One of interesting aspects of the AN interaction in the hypernuclei is the 
phenomenon so-called AN-SN mixing. The mass difference between the A 
and E hyperons is small, ms — m-A ^77MeV/c^, compared with that of 
the nucleon and A isobar, rriA — mN ~290MeV/c^. This situation makes 
the effect of the AN-EN mixing quite important in the hypernuclear level 
structure.^ The strong AN-SN mixing introduces an additional effective 
two-body AN interaction and also the three-body interaction among the 
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Fig. 1. (a) chart of light nuclei, (b) chart of A-hypernuclei ever produced, (c) boxes 
with the graduation correspond to hypernuclei to be produce via the DCX reactions. See 
text for more details. 

ANN subsystem in a A-hypernucleus as recently discussed by Akaishi et al^ 
The additional interaction due to the AN-SN mixing is believed to increase 
the AN attraction, and the attractive interaction may affect to the fraction 
of hyperons and EOS of the matter in the core of the neutron stars. 

Since the A and S hyperons have different isospins, 1=0 and 1 respec- 
tively, the AN-SN coupling may be large only for hypernuclei with non-zero 
isospin due to the isospin conservation. We also expect the mixing effect 
is significant in the neutron-rich A-hypernuclei which have large values of 
the isospin. This mixing effect manifests itself in a E component of the 
A-hypernuclear states, which can be useful to produce the neutron-rich A- 
hypernuclei by the {tt" ^K^) reaction (see Sec. 1.4 for more details). 



1.3. Production of neutron-rich A-hypernuclei 

A pilot experiment attempted to produce A-hypernuclei away from the 



Stopped^ 



re- 



stability-line was performed at KEK-PS by using the {K 
action.^ In the experiment, only upper limits were obtained for the pro- 
duction rates of the neutron-rich A-hypernuclei (aHc, ^^Be and ^^C) due 
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to tiny branching ratios to the DCX channel and a huge background 
from the in-flight hyperon decays, S"*"— >n7r"'". An improved study with the 

stopped' ^~^) reaction has been carried out for the ^H, and \^Be hy- 
pernuclei by the FINUDA collaboration at Frascati-DA$NE,^ but the clear 
identification of the production of the neutron-rich A-hypcrnuclci was not 
accomplished. Another experiment to produce not only the neutron-rich but 
also the proton-rich A-hypernuclei is in preparation by using the relativistic 
heavy ion beams at GSlJ 

The other promising DCX reaction to produce the neutron-rich A- 
hypernuclei is the {Tr~,K'^) reaction. A neutron-rich A-hypernucleus, ^°Li, 
was attempted to produce at KEK-PS by the (7r^,i4r+) reaction with the 
1.05 and 1.2 GeV/c pion beams (KEK-E521 experiment).* In the experi- 
ment, clear signal events were observed in the A bound region in the missing 
mass spectrum of the ^^B{n~ , K~^) reaction. Although the production cross 
section of the "'^'^Li hypcrnuclcus was estimated to be very small (^lOnb/sr), 
roughly 10"*^ of that of the {n~,K~^) reaction (typically 10/xb/sr), the ex- 
perimental data may provide new information on the structure of the A- 
hypernuclei with a large number of excess neutrons. Compared with the 

Stopped' reaction, the {'jt~,K~^) reaction is almost background free 
at the A bound region. 



I. 4. Reaction mechanism and ATV-SAT mixing 

The KEK-E521 experiment reported that the production cross sections 
of the ^°Li hypernucleus by the {'jt~,K~^) reaction were 5.8 nb/sr and 

II. 3 nb/sr at the pion beam energies of 1.05 GeV/c and 1.20 GeV/c, respec- 
tively. Theoretical calculations based on the two-step reaction mechanism, 
'jT~pp K^Ap — > K~^An or n~pp n^np — > K~^nA, failed to reproduce 
the beam momentum dependence of the production cross sections. 

Another theoretical treatment of the DCX reaction is the single-step 
reaction mechanism. In the reaction mechanism, the single-step 7r~p 
K~^T,~ reaction occurs, and the produced S~ is converted to A through 
the AN-EN mixing in the hypernucleus. Since the threshold of the 7r~p 
K~^T,~ reaction is around 1.045 GeV/c, the single-step calculations predict 
the production cross sections consistent with the experiment. Recent results 
of the single-step calculations indicated the importance of the mixing effect 
and also the effect of the intermediate S-nucleus interaction to the (tt" , K~^) 
reaction cross sections. 
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2. Design of J-PARC ElO Experiment 

The J-PARC ElO experiment was proposed to utilize the {Tr~,K^) reac- 
tion to produce the new neutron-rich A-hypernuclei, and ^^6. We are 
proposing to use the K1.8 secondary beam line in the hadron experimental 
hall of the J-PARC 50 GeV proton synchrotron (50 GeV PS) facility. The 
50 GeV PS has already started to accelerate proton beams and the K1.8 
beam line is to be constructed in 2009. 

The most important issues of the ElO experiment are the handling of 
the high-intensity pion beams and the efficient measurement of the pro- 
duced kaons to override the tiny production cross section of the DCX re- 
action. We are preparing new tracking detectors in the beam line spec- 
trometer of the K1.8 beam line to accept the high intensity pion beams, 
about 1.5x10"^ TT~ /spill with 3 s beam spill. The produced positive kaons 
are detected by the Superconducting Kaon Spectrometer (SKS)^^ to be 
moved from KEK to the J-PARC site. SKS has a large geometrical ac- 
ceptance, about 100 msr, together with the good momentum resolution, 
Ap/p ~ lO^^(FWHM). The practical overall mass resolution, roughly 
2.5 MeV/c^(FWHM), of the hypernuclei calculated by the missing mass 
method mainly comes from the contribution of the energy loss straggling 
of 7r~ and in the relatively thick nuclear target (about 3.5 g/cm?). We 
estimated the yield of the ^He hypernucleus by employing the additional 
parameters listed in Table 1, and the estimated yield were about 300 events 
during 3 weeks of beamtime. The number of events is not so many, but is 

Table 1. Additional parameters used for the ^He yield estimation. 

7r~ momentum PS acceleration cycle K'^ decay factor Analysis efficiency 
1.2 GeV/c 5.7 s 0.5 0.5 



about 7 times larger than that of the KEK-E521 experiment (yield was 
about 47 events). 

Figure 2 shows the excitation energy spectrum of the hypernucleus 

estimated by a simulation calculation. The overall excitation energy reso- 
lution of 2.5 MeV(FWHM) and the yield of 300 events were assumed. 
The figure tells the peak which corresponds to the ground state of the 
hypernucleus is clearly separated from the continuum of the quasi-free A 
production process thanks to the good energy resolutions of the beam line 
spectrometer and SKS. The statistical error is small enough to determine 
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Fig. 2. The excitation energy spectrum of the hypernucleus estimated by a simu- 
lation calculation. See text for more details. 

the binding energy of the neutron-rich A-hypernucleus with a resolution 
down to 0.1 MeV (rms). 

We are also preparing the upgrade of the detectors in SKS to make the 
momentum acceptance wider. The upgrade may enable us to measure the 
{tt~,K^) reaction in the A and the S~ production regions at the same 
time, and the wide momentum acceptance is quite useful to make precise 
calibrations of the absolute scale of the binding energy of the hypernuclei 
and to monitor the stability of the spectrometer systems. 

We hope we will be able to start the experiment in the fiscal year 2009. 
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